Abstract: The conventional shunt-type asymmetric artificial network (AAN) has a critical drawback in that the measuring receiver reading is not proportional to the common-mode disturbance current flowing in the network cable of the equipment under test. To cope with this defect, the present paper theoretically proposes an improvement to the shunt-type AAN. First, circuit analysis is performed to express the AAN common-mode impedance and LCL in terms of the circuit parameters. Then, on the basis of this analysis, an improved shunt-type AAN that satisfies the fundamental requirements is designed and proposed. SPICE simulation demonstrates that the characteristics of the proposed AAN show extremely good agreement with the CISPR specifications. 
asymmetric artificial network (AAN) in the frequency range from 150 kHz to 30 MHz [1] . The AAN simulates the actual network conditions and provides the specified termination for the network lines of equipment under test (EUT). The most important AAN characteristics are 1) the common-mode impedance appearing across a batch of line conductors and the ground and 2) the longitudinal conversion loss (LCL). The LCL represents the electrical imbalance in potential difference between the conductors with respect to the ground. The required values of the common-mode impedance and the LCL are specified in the international standard CISPR 16-1-2 [1] .
The only commercially available AANs are the shunt-type ones. Fig. 1 (a) shows a simplified circuit diagram of the conventional shunt-type AAN illustrated in [1] . It has three ports to connect to the EUT, associated equipment (AE), and a voltage measuring receiver R m . The network involves a common-mode choke L 1 to avoid the common-mode currents of an (AE) flowing into the receiver, and a differential-mode choke L 2 to prevent the EUT signal currents (differential-mode) from penetrating into the receiver. Resistors R are adjusted so as to satisfy the requirement for the common-mode impedance and an impedance Z U is controlled to meet the LCL specification.
However, it was recently revealed by the authors that the conventional shunttype AAN had a critical drawback in that the disturbance voltage measured by a measuring receiver is not related to the common-mode disturbance current flowing in the network cable with a proportional constant equal to the AAN common-mode impedance [2] . In addition, the measured disturbance voltage decreases as the EUT common-mode impedance decreases. Therefore, although reducing the EUT common-mode impedance can make the receiver reading satisfy the CISPR limits, this action increases the common-mode current, resulting in an increase in radio interference caused by the EUT. Therefore, this paper theoretically investigates and proposes an improved shunt-type AAN.
Circuit analysis
In the conventional shunt-type AAN shown in Fig. 1(a) , the common-mode current is mainly generated from the EUT signal current by the imbalance impedance Z U . However, a part of the common-mode current flows back into the EUT and does not go through the measuring receiver R m . This is the reason for the drawback of the conventional AAN. To cope with this defect, the present paper proposes an improvement, as illustrated in Fig. 1(b) , where Z U is connected to R m to make the whole generated common-mode current flow into the measuring receiver.
Fig. 2(a)
shows the equivalent circuits of the improved shunt-type AAN, where the impedance of C is assumed to be negligibly small compared with those of the other circuit parameters. Z AE is the impedance looking toward the AE from the common-mode choke L 1 and ideally is equal to 100 Ω. The measuring receiver input impedance R m is nominally 50 Ω. The relationship between the terminal voltages and the mesh currents is given by
where
The parameter M is the mutual inductance of the differential-mode choke L 2 . From the above equation, the circuit parameters of the equivalent T-network shown in Fig. 2 (b) are given by 
The other T-network parameters are
Fundamental characteristics
The fundamental characteristics of the AAN are the common-mode and differentialmode impedances and the LCL value. These parameters were rigorously investigated in terms of the equivalent T-network parameters by [3] . Therefore, referencing [3] , the common-mode and differential-mode impedances of the improved shunt-type AAN are expressed as
and
CISPR 16-1-2 requires the common-mode impedance of the AAN to be equal to 150 Ω. Hence, (6) and (7) implies that R is 200 Ω. There is however no specification for the differential-mode impedance [1] . The LCL value is given by [3] as
where CISPR 16-1-2 specifies that the characteristic impedance Z 0 is 100 Ω. The AAN is terminated with Z 0 instead of an Z AE during the LCL measurement [1] . 
The above equation yields an estimate of the imbalance impedance being jZ U j % 9:3 kΩ. Since a couple of assumptions were made in the derivation of (7), (8), and (9), rigorous values of the circuit parameters of the improved shunt-type AAN should be determined by using a circuit simulation software such as SPICE.
Theoretical design method
On the basis of the aforementioned investigations on the fundamental characteristics, an improved shunt-type AAN was designed to meet the requirements (Z com ¼ 150 Ω and LCL ¼ 55 dB) in the following way:
(1) Circuit parameters C and R Capacitor C should be negligibly small compared with the common-mode impedance Z com and the imbalance impedance Z U in the frequency range from 150 kHz to 30 MHz. Therefore, C was determined to be, for example, 4.7 µF. R was 200 Ω, as stated in the previous section.
The common-mode choke should have a common-mode impedance much greater than the AAN common-mode impedance Z com . However, it is preferable for its differential-mode impedance to be smaller than or comparable to Z AE . Hence the common-mode choke was determined to have L 1 ¼ 3:0 mH with a coupling coefficient k ¼ 0:9995. In contrast, the differential-mode choke should have a differential-mode impedance much higher than Z AE with a common-mode impedance much lower than Z com . Considering these requirements, the common-mode choke was chosen as L 2 ¼ 0:1 mH with a coupling coefficient k ¼ 0:999. (3) Imbalance impedance Z U To determine the imbalance impedance, the LCL value was calculated for various values of the real part of Z U around 9.3 kΩ by applying SPICE. Finally, the resistance of 8.0 kΩ was found to be most appropriate for satisfying the required LCL below about 1 MHz. At higher frequencies, as shown in Fig. 3(b) , the specified LCL decreases from 55 dB (at 1 MHz) to 40 dB (at 30 MHz). To meet this decline of the LCL curve, a capacitance of 2 pF was connected in parallel with 8.0 kΩ. (4) Fundamental characteristics Using SPICE, the common-mode impedance and the LCL were calculated for the improved shunt-type AAN with the above values of the circuit parameters. The results are shown in Fig. 3 , where the common-mode impedance and the LCL show surprisingly good agreement with the respective specifications. This network also satisfies another requirement for the decoupling attenuation of the common-mode signal generated by the AE [1] .
Conclusion
The shunt-type AAN, which is the only commercially available AAN, has a critical drawback in that the disturbance voltage measured by a measuring receiver is not proportional to the common-mode disturbance current flowing in the network cable of the EUT. To cope with this defect, the present paper theoretically investigated and proposed an improvement to the shunt-type AAN where the imbalance impedance was connected to the measuring receiver. First, circuit analysis was performed to derive the expressions for the AAN common-mode impedance and LCL in terms of the circuit parameters. Using these expressions, an improved shunt-type AAN was theoretically designed to satisfy the fundamental requirements specified by CISPR 16-1-2. SPICE simulation demonstrated that the designed AAN showed extremely good agreement with the CISPR specifications. A prototype of the improved shunt-type AAN based on this theoretical design will be made in the near future. 
